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We, The JECendall Company, a Corpora- 
tion organized and existing under the laws 
of the State of Massachusetts, United States 
of America, of Boston, State of Massachusetts, 

5 United States of America, do hereby declare 
the invention for which wc pray that a patent 
may be granted to us, and the method by 
wliich it is to be performed, to be particularly 
described in and by the following statc- 

10 mcnt: — 

This invention relates to flexible sheets of 
chemically homogeneous thermoplastic organic 
polymeric materials and has for its object to 
improve the heat-scalability of such sheets. 

15 While the invention is primarily concerned 
with flexible sheets in the form of continuous 
fihns, die expression "sheet"* as used herein is 
to be imderstood lis^ inciudiiig sheeted mat- • 
erial composed of fibres of a thermoplastic 

20 polymeric material integrated into sheet form,, 
for example by weaving, knitting, moulding, 
carding or by paper-making methods. 

Certain thermoplastic polymeric sheet mat- 
erials, of which a typical example is the poly- 

25 ethylene tcrephthalate fihn supplied by E. I. 
du Pont de Nemours and Company, of Wilm- 
ington, Delaware, under the Registered Trade 
Mark "Mylar" have a substantially crystal- 
line structure and cannot readily be heat- 

30 sealed because the thermal softening tempaxi- 
ture of the film is too dose to the distortion 
point temperature. The invention renders such 
sheet material heat scalable by the provision 
on die surface thereof of localized heatrscal- 

35 able areas of lower thermal softening point 
than the remainder of the surface and which 
arc less crystalline and even of amorphous 
structure. The invention, however, is not re- 
stricted to sheets of otherwise non-heat-seal- 

40 able thermoplastic polymeric sheet materials 
but can also be usefully applied to the pro- 
duction on a thermoplastic polymeric sheet 



which has some degree of heat-scalability of 
localized areas which can be heat-scaled at a 
lower temperature than the remainder of the 45 
sheet 

The invention accordingly provides a flex- 
ible sheet of chemically homogeneous crystal- 
line thermoplastic oiganic polymeric material 
having, on at least one surface thereof, local- 50 
ized heat-scalable areas forming an integral 
part of the sheet, said localized areas having 
a lower thermal softening .temperature than 
and being less crystalline than the remainder 
of said surface. Preferably, the thermal soft- 55 
cning temperature of the localized areas is at 
least lO^C lower than that of the remainder 
of the surface. Preferably also die localized 
heat-sealable areas are amorphous at room 
temperature. - - — — - 60- 

Such a flexible sheet can be manufactured, 
by melting the material of the sheet, e.g. by 
means of a stream of hot fluid, at die selected 
localized areas only while maintaining the 
remainder of the sheet material unmcltcd» and 65 
immediately cooling the melted material so 
that it re-solidifies to form heat-sealablc areas. 

The sheets of this invention are highly use- 
ful because the structure in the localized areas 
is such that in those areas the sheet has dif- 70 
ferent and improved heat-sealability charac- 
teristics, irrespective of 'whether the sheet in 
odier areas has good heat-scalability charac- 
teristics or not Thus, as already stated, while 
the sheets according to the invention may be 75 
formed of polymeric materials which arc only 
difficultiy heat-scalable in sheet form, either 
to themselves or to other material, for example 
polyethylene terephdialate, the invention also 
includes sheets formed from other polymeric 80 
materials whose heat-sealability at least to 
certain materials, such as fibrous materials, 
can be accompHshed at lower tem{)cratures 
when the material is in a less crystalline state 
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than its nonnal crystalline state. 

Thus, in ±e case of the first dass of poly- 
meric materials referred to above intricate 
sealing techniques are no longer required and 

5 in the case of the other polymeric materials, 
heat-sealability can be accomplished at tem- 
peratures which do not substantially affect the 
more crystalline areas of the sheet, which thus 
better retain their useful characteristics in a 

10 final heat-sealed laminated structure. 

Since the sheets according to die invention 
have improved heat-sealability in certain 
. localized areas only of the surface, desirable 
characteristics, such as good heat resistance, 

15 solvent-resistance, high tensile strength and 
abrasion resistance in the remainder of the 
sheet areas are not sacrificed or impaired for 
the sole purpose of imparting sealabiliQr to 
the sheet, although, in the localized areas, they 

20 can or may be so sacrificed, at kast tempor- 
arily. These localized areas form an integral 
part of the sheet, i.e. they are constituted of 
the material of tiie sheet per se and are not 
constituted of separately applied coatings or 

25 laminae. 

While ±e localized areas may follow a large 
variety of patterns, highly useful patterns com- 
prise those wherein the localized areas are 
minute and only minutely separated from one 

30 another. With such patterns, the sealing, while 
partaking of the nature of spot welding, occurs 
at such closely spaced intervals as to create an 
effective seal over the entire area, sufficient in 
most cases to qualify as an effectively im- 
35 pervious and hermetic seal, suitable for food, 
pharmaceutical, surgical and other packaging. 
On the other hand, it may be desirable in the 
production of sheets for use in surgical dress- 
-iiigs; to produce larger and more widely scp=-^ 
40 arated localized areas, particularly surround- 
ing holes in the sheets, whereby when the 
sheets are sealed to fibrous absorbent material, 
the absorbency of the latter is largely pre- 
served. 

45 The localized areas may also take a variety 
of geometric shapes, e.g. polygonal, circular, 
elliptical, and/or combinations thereof. They 
may be intermixed in heterogeneous patterns 
for decorative or other purposes. An included 

50 portion of the sheet within the localized area 
may be a void piercing the sheet mi render- 
ing die sheet perforate;, both before and after 
sealing to otiier materials, the perforation 
being surrounded by a raised bead In die case 

55 of a pierced drcular area, the heat-sealing 
area then takes the form of an annular beaded 
area surrounding the paforation. The pat- 
terns may also be varied by varying the size 
and spacing of the areas, as well as their 

60 shapes. 

hi its present day commercial form in sheet 
calipers running from 1/4 mil to 7 mils 
"Mylar** polyester film has a very shary melt- 
ing and distortion point temperature of about 

65 250°C to 255^C Its surface softening or stick- 



ing point temperature is only a few degrees 
(about 5°) below 25G°C, so that application 
of sufficient heat to cause stickiness to develop 
at the softening point temperature normally 
results in such dose approach to distortion 70 ' 
temperature as to render it impossible by ord- 
inary techniques to develop sufficient sticki- 
ness in any areas of the surface of the sheet 
to cause its adherence to a similar sheet or to 
o±er materials without simultaneously detri- 75 
mentally distorting or uncontrollably ruptur- 
ing the sheet as a whole or altering its visual 
appearance, thereby impairing its commercial 
utility if not destroying it completely. Simi- 
larly, available solvents cannot devetop suffi- 80 
dent stickiness in "Mylar** polyester film for 
sealability without causing sunilar detrimental 
effects. These adverse effects increase with in- 
creasing thinness of the sheet Conventional 
heat sealing or solvent sealing operations have 85 
no utili^ when applied to "Mylar** polyester 
fihn, a feet so generally recognized that the 
manufacturers of "Mylar" polyester fihn have 
advocated the use of an interposed heat-seal- 
able amorphous polyediylene tcrcphthalate film 90 
in heat-sealing operations involving "Mylar" 
polyester film. 

Other polymeric materials chemically rdated 
to polyethylene terephthalatc, such as the other 
polyesters as hereinafter more specifically dc- 95 
scribed, can, like polyethylene terephthalatc, 
exist in sheet form at room temperature with 
different areas thereof in different states of 
crystallinity and indeed with some areas cxys- 
talline and others amorphous. Regardless of 100 
whether these rdated compounds are diffi- 
cultiy heat-sealable in their crystalline form, 
sheets thereof conforming to this invention 

have improved heat-^caiabiC'properrics*' iff 

sdected areas thereof. 105 

There are also a variety of substantially crys- 
talline polymeric materials in sheet form which, 
althou^ already widdy used commerdally for 
heat-seding by normal heat-seaUng techniques, 
will have peculiar usefulness when provided 110 
with the differential localized surface areas of 
the sheets of this invention, since by the appli- 
cation of a heat-sealing technique whidi in- 
volves a temperature below the heat distortion 
point temperature of the sheet as a whole, the 115 
sheets can be made to heat-seal only in the 
selected areas thereof and without exposing in 
the heat-seal operation the remainder of the 
sheet to heat distortion or softening point tem- 
peratures. A description of such materials wili 120 
also be hereinafter given. 

Tbt invention will now be described in more 
detail with reference to the accompanying 
drawings, in which: — 

Fig. 1 is a plan view showing schematically 125 
a sheet material of the invention; and 

Fig 2 is a highly enlarged detailed cross- 
sectional schematic perspective view of a por- 
tion of the sheet shown in Fig. 1; and 
Fig. 3 is a similarly enlarged detailed cross- 130 
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sectional schematic perspective view of a modi- 
fied form of sheet material of tiiis mvenuon; 

and . r 

Fig. 4 is a diagrammatic r^icsentatioii oi 
5 one form of apparatus useful in making die 

sheet materials of Figs. 2 and 3; and 
Figs. 5—9 are greatiy enlarged cross-seo- 

tional depictions of the nature of various forms 

of hcat-sealable areas in sheets of this mven- 

10 tion; and i. i. s w 

Fig. 10 is a representation of a sheet ot uus 
invention heat-sealed to anodier lamina; and 

Fig. 11 is a representation of two sheets of 
this invention hcat-sealcd to one anotiier with 
15 their perforations in register; and 

Fig 1 la is a representation in cross-secuon 
of a sheet of thh invention hcat-sealcd to an- 
other lamina witii an intervening lamma; and 

Fig. 12 is a representation of a polymer 
20 film having a certam pattern of perforations 
useful for packaging purposes; and 

Fig. 13 is a side elevational view of a pack- 
age formed with tiie use of 2 layers of ±e 
material of Fig. 12; and r t?. 12 

25 Fig. 14 is a view similar to that of rig. 
showing a modified form of package; and 

Fig. 15 is a photomicrograph showing in 
cross-section the edge of a perforation in a 1 
mil Mylar polyester sheet of tiiis mvenuon; 

30 and . ^ . 

Fig. 16 is a photomicrograph of one ot the 
areas depicted in part in Fig. 3; and 

Fig. 17 is a photomicrograph of one of tne 
areas depicted in part in Fig. 6; and 
35 Fig. 18 is a photomicrognqjh showing in 
sided by side comparison 2 perforated 1/4 mil 
sheets of tiiis invention, one before and one 
...^ — afro-^an optional conditioning, treatment, both 
viewed through one of two crossed polarizing 
40 elements between which tiie sheets are placed. 
Fig. 1 represents a sheet of this mvention, 
for example composed of polyethylene tereph- 
tiialate, tiie entire surface area of which dis- 
plays a scries of localized substanually amor- 
45 phous surface areas 20 which have different 
physical characteristics from tiiosc of tiie mter- 
vening substantially crystalline areas 22 consu- 
tuting the matrix of the sheet. In tiie form of 
die invention shown by the detail m Fig, 2, 
50 each of tiiese localized areas is toroidal m shape 
and somewhat tiiickcr tiian tiie matrix and has 
tiie appearance of an annular bead 24 encircl- 
ing a perforation 26 tiirough ±e sheet. 
These beads 24 serve the double purpose of 
55 reinforcing tiie edges of tiie perforations and 
of providing areas having heat sealmg charac- 
teristics. In tiicir reinforcing function, they 
may be aptly regarded as gromraets. 
In tiie detail of Fig. 3, die structure is modi- 
60 ficd to tiie extent tiiat, while tiie bead 24a is 
largely present, it encircles, instead of a pw- 
foration, a connecting film or membrane 30 
of material having a reduced thickness. In these 
cases, the membrane has thermal charact^- 
65 istics more nearly conforming to those of the 



bead material 24a tiian to tiiose of tiie re- 
maining portions 22 of the sheet. 

The perforations (or tiie membranes) may 
be extremdy minute. For example, tiie mm of 
Figs. 1 and 2, having for example a 1/4 mil 70 
caliper in tiie areas 22 may contain perfora- 
tions slighdy less tiian 20 mils in mimmum 
diameter, and so closely spaced as to provide 
714 holes or more per square inch. This ex- 
ample is by no means the ultimate, however, 75 
since in very small samples as many as 4,000 
holes per square inch of 8 mils diameter each 
have been made and on an individual basis, 
holes as fine as 2 mils have been produced. 
Similar dimensions may be present where, as 80 
in Fig. 3, there is no plcrforation. 

Normally, the beads 24 and 24a are con- 
stituted whoUy or in some part of material db- 
placcd into the bead from an area witiiin the 
bead. Accordingly, tiie larger tiic pcrforauon, 85 
tiie larger the volume of tiie bead. This cx- 
plams tiie structure shown in Fig. 3 whcrcm 
insufficient amounts of tiie material of tiie 
original sheet vritiiin ±c area of the bead has 
been displaced to punaure the sheet and, in vu 
this case, the beads arc tiierefbre formed by 
displacement of only a part of the intervening 
material, leaving the remainder 30 in as a 
tiiin spanning membrane. 

It can this be seen that, as an extreme, the 95 
portion of the sheet within tiie bead areas may 
constitute substantially the entire surface area 
of tiie sheet, particularly if the perforations or 
membranes and/or tiieir surrounding beaded 
areas are for example of hexagonal or other 100 
suitable shape so as to intcrfii \vith every adja- 
cent beaded area. For optimum mechanical 
properties, it is much preferred to leave a con- 
tinuous surface mauix-22 between-^hc- beaded 

areas. ... 1. 

The heat-sealability charactcnsucs m the 
beads 24 (Fig. 2) or witiiin the beaded area 20 
(Fig. 3) can be imparted concomitant to tiie 
formation of tiie beads (or beaded areas) by 
forming preferably substantially amorphous 110 
beads as a consequmce of a precisely localized 
melting of selected areas of a substantially crys- 
talline film e.g. ''Mylar", followed by quick 
solidification thereof. e^ ^ t^c 

In a true sense then, the producuon of local- 115 
ized scalable areas on a substantially crystal- ^ 
line sheet is the result of a heat-conditioning 
treatment precisely applied in pre-sclected 
localized areas of the sheet, widiout subject- 
ing the intervening areas of the sheet to the 120 
same treatment, so that the intervening ^eas 
are not similariy affected. Distoruon and/or 
punctures which are formed in the treated area 
have definite commercial advantage in that the 
sheet may have desirable perforation 125 
patterns or design patterns, without substan- 
tial loss in major portions of the sheet of the 
original stability and integrity. These quahties 
are retained by the continuous matrix, along 
with the desirable solvent-resistant, heat-rc- 130 
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sistant and other qualities of ±e original sheet 
In this connections the formation of a bead is 
. of decided advantage in providing reinforc- 
ing areas about the apertured structure, thus 
5 increasing the tear resistance of the sheets even 
when compared to the tear resistance of the 
unmodified substantially crystalline film- 

In any event, precisely localized melting 
and immediate cooling of pre-selected areas of 
10 crystalline sheet material such as "Mylar" poly- 
esttt JShn causes the material vwthin the re- 
sulting beaded areas 20 to become less crys- 
talline and even substantially amorphous and 
thus to acquire surface softening or sticking 
15 point temperatures below, and in the case of 
"Mylar" polyester fihn, far below, that of the 
remaining areas 22. For example, in the case of 
commercial "Mylar'' polyester fihn having a 
published melting point temperature of about 
20 250 to 255^C.y and incapable of being heat- 
sealed to Itself at any temperature less than 
245°C We have found that the softening point 
temperature of the surfaces of the localized 
heat conditioned areas 20, as measured by their 
25 abiUty to be heat-sealed when placed in face- 
to-face contact without externally applied pres- 
sure, is about only UQ^C With pressure, 
self^ealing and sealing to fibrous materials 
such as fadal tissues has been accomplished 
30 at temperatures as low as lOl^C 

Thus, by the application of seahng heats to 
raise the temperature of the treated "Mylar** 
polyester fihn in areas to be scaled to 120°C 
or more, but stiU short of 245<>— for example! 
35 anywhere within the range of 120°C to 
2400C^ practical heat-sealing of the film to 
itsetf is accomplished, with or widiout regis- 
tration of the areas 20 as shown in Fig, 11 
or to untnsit£dJiMyk-r?'.p9iyestcr-film-or to 
40 any of a variety of other materials such as* 
paper or fibrous fabric^, whether woven, non-* 
woven, knitted, felted or moulded, or to non- 
fibrous materials including metal foils, glass, 
or other fihns, as represented by 32 in Fig, 
45 10. Moreover this is accomplished without 
distortion or melting of the remainder of ±e 
sheet, i,e, the matrix 22, which mamtgi'ns ±c 
general stability and integrity of the sheet as 
a whole, that is without substantial shrink- 
50 age. Such sealing can be readily performed 
by conventional heat-sealing equipment 

Similarly, when substantially crystalline 
iihns of vinylidcne chloride— vinyl chloride 
copolymers obtainable und5: the trade name 
55 "Saran A517" ("Saran*' is a Re^tered Trade 
Mark), from Dow Chemical Company, Mid- 
land, Michigan, and of monochlorotrifluoro- 
erfiylene polymers, sold under the trade name 
.n ;iPfc~I'\C'Kel^F" is a Registt^ 
00 Mark) and obtauiable from basic material 
manufactured by M. W. Kellog Company, 
Battle Creek, Michigan, are treated in accord- 
ance with tills invention, films are produced 
wiA preselected, localized, heat-conditioned 
o5 surrace areas which are substantially amor- 



phous. By the application of sealing heats 
accompanied by moderate pressure, practical 
heat-sealing of sudi treated films in tiie selected 
locahzcd areas to, for example, fibrous cellu- 
losic webs such as the non-woven fabric sold 70 
by The Kendall Company, Walpole, Massa- 
chusetts, under the trade mark "Webril R" 
(Webril R" is a Registered Trade Mark) is 
accomplished at temperamrcs below which tiic 
remaining portions of the sheet wiU seal to the 75 
same fibrous surface. In tiic case of "Saran 
A517" film differential sealing is accom- 
plished to "Webril R" non-woven fiibric in 
the localized areas as low as about ISQOC, 
whereas in the rcmaimng areas seahng to 80 
"Webril R" non woven fabric cannot be 
J^™P^hed at a temperature below about 
154°C, other conditions being the same. In the 
case of "Kel— F" fihn differential seahng is 
accomplished in the localized areas of tem- 85 
pcraturcs as low as about 200oC, whereas in 
the remaining areas sealing to "Webril R" 
non-woven fabric cannot be accomplished at 
a temperature below about 215°C; otiicr con- 
ditions being the same. 90 

GeneraUy then, by the application of sealmg 
heats to the less crystaifinc or even substan- 
tially amorphous areas of the sheets of tiiis 
invention at a temperature above their surfece 
softening or sticking temperature but short of 95 
the surface softening or sticking temperature 
of the more highly and substantially crystal- 
line areas of tiie sheet, practical heat-sealing 
of the sheet to a variety of surfaces but par- 
ticularly to fibrous cellulosic sheets can be 100 
accomplished witiiout distortion or melting 
of the remainder of rfie sheet. Such sealing 
can be readily performed by conventional 
heat-scaliiig: ec[uipment ' * ~~ 

Fig, 12 is a view of a substantially crys- 105 
talhne polyester or other tiiermoplastic fihn of 
this invention, wherein the treated areas 20 
are confined to certam portions of the sheet 
only, including tfie borders and certam spaced 
transverse areas, tiic central areas 38 being 110 
unpcrforate. Such a material is useful in 
forming packages of tiie type shown in Fig. 
13, wherein two of tiie sheets of Fig. 12 are 
fed m register to conventional packagmg 
machmes, which insert material 40 to be 115 
P^aS^ between the two sheets, during or 
arttt which the two sheets arc heat-sealed to 
each otiier around tiie borders to enclose tiie 
packaged material, which may be in any 
form, solid, granular or even liquid, where tiie 120 
beadai areas interfit sufficientiy to form a 
hqmd-tight seal. Subsequentiy, the strip of 
packages can be severed medially of tiic trans- 
verse heat-sealed areas to provide individual 
packaged units or measures. 225 

Fig 14 shows a similar package, which is 
made from material similar to that of Fig. 12 
with the exception tiiat in tiie case of Fig 14 
both sheets are perforated tiiroughout their 
enure areas so tiiat tiie finished package is 130 
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perforated throughout and hence m the case 
^ higher melting materials is useful for in- 
fusion purposes and may contam food suc± as 
tea or colfee. In fact, because of the high 

5 melting point of certain polyesters, such as 
"Mylar*' polyester film, materials contamed 
in a package such as that of m^.^^ 
boiled in water in the package and thweafter 
even served in the package. Since ^ boilmg 

10 will raise the temperature of the package walls 



only to 100°C, neither the matrix nor Ae 
heat-sealed areas of the walls will be delc- 

teriously affected. 

Odier polyesters, which exhibit hfe Mylar' 

polyester fihu, a crystalline structure and 

which can co-exist at least temporarily both 

in substantiaUy crystalline and in substan- 

tiaUy amorphous condition and haice are 

suitable for purposes of this inventton, mdude: 



15 



20 



Name 



polytrimethylene 
terephthalate 

polyethylene 
4,4^ - diphenyl - 
dicarboxylate 

polytetramethylene 
4,4* - diphenyl - 
dicarboxylate 

polyethylene 4,4^ - 
diphenylmethane - 
dicarboxylate 

polyethylene 

1,5 - naphthalate 



polyethylene 2,6 - 
naphthalate 



Structural Unit 

0 0 

-C OC-O-Ofe-CHz-CHj-O- 

-COOC.O-CH2CH2-O- 



fl B 
-C OCH2 OC-O-CH2-CH2-O 



0 
B 

-C 



C-II-CH2-CII2-O- 



Melting Pomt. 




About 




221*^C 




About 




300°C. 




About 


0- 


280°C 


0- 


About 




220<*C. 




About 




230^C 



0 
B 

-C 



30 



35 



40 



As wiU be seen aU of the above matcnals 
are chemicaUy related to polyethylene tere- 
phthalate and they are aU polyesters com- 
prised of one or more aromatic groups and one 
or more aHphatic groups, the former being 
derived from a dibasic add and the later bemg 
derived from a diol. Additionally, however, 
eadi of the above polyesters is capable of co- 
existing at least temporarily at the same tem- 
perature in both a crystalline and an amor- 
phou*.Kke state and thus each polyester has *e 
iequisite characteristics for materials suitable 
for purposes of the invention. 

Representative vinyl polymers smtable for 
conversion into the sheets according to the 
invention are substantiaUy crystalline . sheets 
of polyvinyl fluoride and polyvinyl methyl 

ether. ^ , . „ 

The sheets according to the invention may 
be made of substantially crystalhne yinyli- 
dene polymers, such for example as polymers 
and copolymers of vinyUdene chloride, vinyU- 
dene bromide, vinyUdcne chloro - bromide, 
vinyUdene cyanide and vinyhdene halocyan- 



ides. TliMrmonomcrs may" also be copoly^ 45 
merized to form substantially crystalline poly- 
mers useful in this invention, with minor 
amounts of such mono- and di - ethylcniaiUy 
unsaturated monomers as vinyl acetate, vinyl 
chloride, vinyl bromide, styrcne, chlorosty- 
renes, methyl or ethyl acrylates or methacryl- 
ates, butadiene, acrylonitrile, methacrylomt- 
rile, halogen substituted propanes and ±e hke. 
In general where the monomer to be used as a 
co-monomer with a vinylidene monomer wiU 
not normally form a crystalline polymer alone, 
it wiU not form a substantiaUy crystaUine co- 
polymer with a vinyUdene monomer if used 
hi amounts more than 30% and in some cases 
in amounts more than 15% of the copolymer. 
"Saran A517" is a weU known example of 
a suitable vinylidene chloride-vinyl chloride 
copolymer film, . , i- ., r 

A further example of a chemical family of 
suitable substantiaUy crystaUine polymers is 
that of the cWorotrifluoroethylcne polymers, 
a representative example of which is "Kel— 
P' fikn. 



50 



55 



60 



65 
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Certam substantially crystalline polyatnides 
such as N - substituted polyamides of ±e 
type of N - methylated polydecamethylene 
adipamide are also suitable, for the purposes 
5 of the invention, as are such polyanudes as 
hexame&ylene sebacamide sold commercially 
as •'Nylon 610" by E. L du Pont de Nemours 
and Company. 
Certain members of so-called isotacric sub- 
10 stantiaJly crystalline polymers, that is those 
in whidi the polymer chains contain asym- 
metric carbon atoms, all of which are of the 
same steric configuration, are also suitable. 
Examples of such isotacdc polymers are iso- 
15 tactic polystyrene, isotactic poly alpha butyiene 
and isotactic polypropylene. 

When it is desired to puncture the fikn, the 
essential action is to melt tiic material widiin 
the localized areas. Predse localization of 
20 treatment may be obtained, whether or not 
perforations arc desired, by transfer of heat 
from a heated fluid, preferably gaseous, while 
controlling the temperature of different areas 
of the sheei^ so diat certain areas of the sheet 
25 rise above the melting point of the material 
thereof, while the material in the inervening 
areas remains unmclted. Such control may 
take the form of more rapidly conducting the 
absorbed heat away from certain areas of the 
30 slieet than frcnn other areas, as by the use 
of a cooled grid over which die sheet is sup- 
ported during the application of the heat. 
Such a grid may conveniently be a perforated, 
pitted or cngiaved plate, cylinder or other 
35 suitable body provided witii an interrupted 
suxfoce. For e3cample, a drcumferentially 
grooved cylinder, or a fine screen may be used. 
For the production of certain products in 

which . perforations are desired one may- utilise 

40 hot di^ or needles for melting the material 
within the selected localized areas. 

One form of apparatus which may be suc- 
cessfully used in the preparation of sheets of 
this invention is shown in Fig. 4 of the draw- 
45 ings. The apparatus includes a reel of iilm 
material 51 from which the material 52 is 
fed, usually in single layer form, over a rotat- 
ing mtxol cylinder or drum 53, the surface of 
which is provided with perforations or de- 
50 pressions of the desired dimension and pat- 
tern and the film 52 then passes to a take-up 
roll 54. Opposite the drum there is provided 
means for directing a jet of heated air on to 
the surface of the film. 52 passing over the 
55 drum 53. The jet is so formed that it may be 
efficiently heated as by a gas f^an ^g from a 
burner 56. The air is directed through the jet 
orifice 57 under pressure supplied through the 
pipe 58. 

60 Operation of the apparatus shown in Fig. 4 
may be varied according to t^e particular 
of sheet desired. In general, the tempera- 
ture of the hot air jet should be such as to at 
least insure melting of certain areas of the 

65 sheet during its passage through the air jet 



The velocity of the jet should be taken into 
consideration in connection with the speed of 
the sheet and the temperamre of die jet, the 
faster the jet velocity the lower the tempera- 
ture for a given speed of fihn operation. 70 

Jet temperatures as low as the melting 
point of the material being treated may be 
used. However, jet temperatures from 260°C. 
to 875°C. with fihn speeds running from 4 
to 33 yards per minute, depending upon the 75 
particular fihn, are preferred. The grid sizes 
used in the case of drcular holes have varied 
from 2 mils to 1/4 inch in diameter. Obvi- 
ously the range can be extended. 

In the case of 1/4 mil "Mylar*' polyester 80 
film, the jet orifice ^vas 25 mils wide and 9 
inches long, liie gauge air pressure was about 
30 pounds per square mch, the drum 53 was 
approximately 4 indies in diameter and in one 
case, for example, contained about 237 holes 85 
per square in^ on uniformly spaced centres 
affording an open area of approximately 21% 
with^ each hole being approximately 33 mils 
in diameter. The temperature of the air as it 
issued from the jet was approximately 370°C. 90 
At this temperature, the film 52 was fed 
throu^ the apparams at approximately 7 yards 
per minute, the space between the orifice and 
the grid roll being approximately 1/4 inch 
(shown proportionately enlarged in Fig. 4). 95 
A cooling jet of air 60 is directed against the 
back surface of tiie drum 53 and pr^erably is 
operated to maintain the surface of the drum 
at approximately 55 to 70°C. 

When treating 3/4 mil "Saran" film, tiie 100 
same drum, the same distance from drum to 
orifice and the same jet orifice were used as 
those described above in the case of "Mylar** 
polyester fihn, but the-gaugcr-aif -press^ir^was • 
18 pounds per square inch with the tempera- 105 
ture of the air as it issued from the jet at 
approximately 235°C. The film in tiiis in- 
stance was fed through the apparatus at 
approximately 1.7 yards per minute with the 
cooling jet maintaining the surface of the drum no 
in the same range of temperature as described 
above for the "Mylar" polyester film. 

When treating "Kel— F" film in 2 mil 
thickn^s, the onfice size was changed to 35 
mils wide by 5 inches long, the distance from ix5 
drum to orifice was reduced to 1/8 inch and 
a 4" diameter drum witii holes approxi- 
mately 250 mils in diameter and 8 holes per 
square inch was use± The gauge air pressure 
was 35 pounds per square indi, while the 120 
temperature of the air as it issued &om the jet 
was approximately 425°C The fihn in this 
instance was fed through the apparatus at 
approximately 2 yards per minute with the 
coolmg maintaining the surface of the drum 125 
at approximately 105°C. 

Simibr treatment as above described in the 
case of "Mylar**, "Saran" and "Kcl— F* fihns 
can be given to sheets of any of the herein- 
before mentioned crystalline polymeric mat- 130 
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erials with correspondingly satisfactory pro- 
duction of differential surface characteristics. 

Figs, 5 to 9 are successive graphic repre- 
semations, in cross-section, of the development 

5 of the perforations in a typical substantially 
crystalline sheet during treatment in the afore- 
mentioned apparatus. 

At an early stage of melting of the sheet 
material in areas where it lies over grid per- 

10 forations, there appears to be a thinning;, with 
usually a rapid development of blistering in 
the thinned areas so that the sheet has a 
thinned and somewhat porous membrane 30 
extending over each grid void. If the rate of 

15 feed through the apparatus is so fast that the 
thermal effect does not proceed beyond that 
shown in Fig. 5, the finished sheet material 
on the take-up reel 54 has the characteristics of 
that shown in Fig. 3. 

20 Figs. 6 to 9 inclusive represent the successive 
effects of longer application of heat to die 
material overlying die grid voids. This series 
of figures shows, first the rupture of the mat- 
erial centrally followed by a progressive dis- 

25 placement of the material towards the un- 
melted areas surrounding the perforation, and 
taking in general the successive forms of bead- 
like borders, culminating in the bead 24 de- 
picted in Fig. 9. 

30 Fig. 15 is a photomicrograph of an edge 
of a perforation in 1 mil "Mylar" polyester 
film, showing the bead 24 in aoss-section 
as depicted in Fig. 9. 
Fig. 16 shows the photomicrograph appear- 

35 ance in pbn of the top of a sheet which has 
been treated to the stage shown in Figs. 3 and 
5. 

Fig. 17 shows in a similar manner a sheet 
at, a later stage of thermal treatment wherein^ 
40 ^ie perforation has occurred and "the blis-*" 
tered material is at a certain stage of retrac- 
tion towards the surrounding sheet, as in Fig. 
6. 

As shown in Fig. 11a, a sheet of this in- 

45 vcntion 22 may be provided with a thin metal- 
lic layer 42 of aluminum or other metal 
which may be painted on one or both sides 
thereof or coated thereon as by a metal 
vacuum deposition process, thus giving one 

50 or both surfaces a light and heat reflectant 
quality and rendering the material useful for 
heat insulation purposes. Alternatively, the 
layer 42 may be formed of a pigment 
painted or otherwise coated on to the 

55 "Mylar" or other suitable crystalline 
fihn. If such a pigmented sheet or metallized 
substantially crystalline sheet is fed through 
the apparatus of Fig. 4, under conditions nor- 
mally producing beaded perforation, the metal 

60 or pigmented coating whcdier on the grid or 
jet side, or both sides, although it may not 
be melted, is ruptured in areas overiying die 
grid voids because of the force and/or velocity 
of the jet fluid, or because of disruption attcn- 

65 dant to the meltmg of the underlying Ghn. 



Either surface of the resulting material can be 
heat sealed in the case of "Mylar" polyester 
fihn at a temperature of 120°C or more, to 
other materials, either fibrous or non-fibrous, 
the disruption of the metal or pigmented coat- 70 
ing appearing to be sufiicicnt to expose the 
beaded areas to materials pressed even against 
the previously coated surface. Thus Fig. 11a 
shows a laminate comprising a bottom perfor- 
ated "Mylar" polyester fihn or other suitable 75 
substantially crysalline sheet 22, having an 
intervening metallized or pigmented coating 
42 thereon^ and an overlying lamina 44 of any 
material, which may or may not be trans- 
parent. 8^ 

If the metallized film is fed to the appa- 
ratus with the pigmented or metallized sur- 
face on the grid side only, the jet side <rf the 
sheet may be rendered hcat-sealable by form- 
ing hcat-sealable areas of the type shown in 85 
Fig. 3, without necessarily disrupting^ the 
metallized or pigmented surface. Alternatively, 
the metal may be fed as a very thin foil, to- 
gether with a separate sheet of "Mylar" or 
other suitable substantially crystalline film, 90 
to the apparatus of Fig. 4 to produce a heat- 
sealed foil-film laminate. The treated sheet 
material of this invention also may be metal- 
lized on at least one side after treatment. 

The surprisingly lower softening tempera- 95 
turcs (circa 120^C. for "Mylar" polyester 
film) of the localized sealable areas 20 of the 
crystalline films of this invention, thus appear 
to have a common proptrey characterized by 
a loss of all or a substantial portion of the 100 
crystallinity and of any orientation observed 
in the ordinary samples of suitable substan- 
tially crystalline sheets. Therefore, it is likely 
that the localized heat-treatment heretofore 
' described actuauy'iiiVolv(» a~riidtin^of 'loc^^^ 105 
izcd areas of the "Mylar" polyester film or 
other suitable substantially crystalline sheet 
material, and in so doing destroys in the areas 
20 most if not all of the molecular orienation 
and crystallinity present, which characteristics, 1 10 
however, persist in the areas 22. The step of 
quick cooling or quenching of the areas 20 
after melting preserves this amorphous-like, 
disoriented state and thereby the low softening 
point temperature characteristic of such poly- 115 
meric material. Thfe hypothesis of actual melt- 
ing accounts also for bead formation, inas- , 
much as the shrinkage induced by tempera- 
tures near the distortion temperature of 
"Mylar" polyester fihn or other suitable crys- 120 
taUine sheet material accompanied by the 
pull of the surface tension of the molten poly- 
mer should tend to cause a displacement of the 
melted material towards the relatively cool 
borders of the surrounding cooler material, 125 
thus forming a meniscular bead or grommet. 

Whetiier or not the above theory is correct, 
it is a fact, as indicated by conventional 
methods of determining crystallinity, including 
density, infra-red, x-ray cUffraction and opti- 130 
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cal methods, that the localized more readily 
scalable areas are markedly different from 
those in the surrounding matrix areas or in 
the original unprocessed film. It is also a fecc 
that, where optical observations are applicable, 
the mode of transmission of polarized li^t 
tfarough the localized more readily scalable 
areas of the sheets is markedly different 
from that through the surrounding matrix 
material or dirough the original unprocessed 
film. Thus, observations can be made by view- 
ing, with suitable magm'ficadona the more 
readily scalable areas and the surrounding non- 
scalable or relatively less scalable matrix by 
means of transmitted light which has been 
plane-polarized by passage through a light 
polarizing sheet, such as "Polaroid** film, 
("Polaroid" is a Registered Trade Mark) or 
through a Nicoi prism. The polarized light, 
which passes through the film containing seal- 
able and non-scalable areas, is then caused 
to pass through a second plane-polarizing ele- 
ment similar to the first one employed. Rota- 
tion of one of the polarizing elements relative 
to the other will result, in the absence of a 
film between the polarizing elements, in a 
change in the intensity of the light transmitted 
to the eye by the system. The transmitted light 
will, as is well known, be minimal when the 
polarizing elements have their axes at 90^ to 
each other. A petrographic microscope is well 
suited for this type of observation, since it con- 
tains suitable polarizing elements and also 
provides the optical magnification needed for 
objects as minute as some of the forms of the 
scalable areas of this invention. 

When "Mylar** polyester film and most 
other suitable substantially crysmlline film is so 
examined, there is no relauve adjustment of the 
polarizing ele ments at which substantial 
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amounts of light are not transmitted "lirough 
such a fihn, and die film appears bright 
although there are observable differences in 
the brighmess of such transmitted light de- 
pending on the exact relative angular relation- 
ship of the polarizing elements. Essentially 
the same observation is made, when the field 
of view is restricted to the matrix areas of the 
products of this invention. If attention is now 
shifted to the more readily scalable areas of 
the product, these transmit, quite in contrast, 
very little light when the polarizing elements 
have their axes approximately at 90° one to 
the other, and appear blackened. This is 
equally true whether one loolcs at the beads 
24 and 24a themselves (Figs. 2 and 3) or the 
area 30 within the beads (Fig. 3). Accordingly, 
these observations support the beUef that mat- 
rix areas remain in a state of crystallinity cor- 
responding substantially to that of the original 
sheet and also in the molccularly oriented state 
of the original sheet, whereas the beaded 
ar«is 20 have changed ilieir state of crystal- 
linity and have become amorphous-like and 
disoriented. 



Fig. 18 is a photomicrograph showing at 
the left the appearance of 1/4 mil perforated 
"Mylar** polyester film as viewed through 
crossed Polaroid discs. The three vertical 
aligned dark areas represent the beaded areas 70 
in addition to the perforations through ±e 
sheet. Apparently the beaded areas appear 
darteied because of the changed state of crys- 
tallinity in these areas which has occurred 
as a result of passage through the apparatus. 75 
These darkened areas contrast with the bright- 
ness of die siuTounding matrix away from 
which heat was so rapidly conducted by the 
grid during the heat treatment that melting did 
not occur in these areas. j^Q 

A further important property of the pro- 
ducts of this invention is diat either the sheet 
may be conditioned after heat sealing in such 
a way that the material of the beaded areas 
regains a part or sometimes very nearly all 85 
of its original physical characteristics as evi- 
denced by its melting point properties and re- 
duced susceptibility to further sealing manipu- 
lation, without^ however, significantiy reducing 
the effeaiveness of the the seal akeady made, 90 
This result is achieved by a further thermal 
treatment of the fita. This further tiiermal 
ttcatment requires a certain amount of time, 
the exact amount varying with the particular 
sheet treated and tiie temperature at which 95 
the tiiermal treatment takes place. In die case 
of a treated "Saran" film for example, die 
tr^ted beads regain a melting point approxi- 
mating the melting point of untreated "Saran*' 
film in a matter of two hours at normal room 100 
temperature. On the other hand, it takes 
approximately 300 seconds at 120°C for die 
material of a treated bead in a sheet derived 
from 1/4 mil "Mylar** polyester fihn to regain 
a melting point-^of at least 240?C; approxi- 105— - 
mately 60 seconds at 150oC.; and approxi- 
mately 20 seconds at 190oC. At room tem- 
perature treated "Mylar** polyester film re- 
verts very slowly as evidenced by the fact 
that samples over a year old are still heat- 110 
scalable. This further thermal treatment of 
previously treated "Mylar** polyester film may 
be carried out by means of a prolonged heat- 
sealing cycle, so that a heat-sealed laminate 
of one or more polyethylene tcrcphthalate 115 
lammae may have throughout such laminae 
more nearly the original properties of the 
"Mylar" polyester fjfin. The regain periods 
given above were obtained by employing nor- 
mal dry heat Alternatively, the same result 120 
may be achieved, coincident with sterilization 
of die fihn and die surface to which it is 
adhered, by subjecting the material to the 
usual steam sterilization c^e, which takes 
place at temperatures up to about 120°Q 125 
over a period of several hours. 

The right-hand sheet shown in the photo- 
micrograph of Fig. IS is identical with die 
sheet shown in the left of the photomicrograph 
except that the former sheet has been sub- 130 
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jeaed to a further heat treatment consisting 
of placing the sheet for ten minutes in a hot 
air oven having a temperature of 190°C. As 
hereinbefore explained, a certain portion (rf the 
beaded areas has, as a result of this additional 
heat treatment, changed its appearance under 
the crossed Polaroid discs. In this portion of 
Fig. 18, the dark areas are commensurate with 
the perforations and the surrounding border- 

) ing areas are only slightly darker than the mat- 
rix areas, ±us indicating that the additional 
heat treatment has again changed the physical 
charaaeristics of the beaded area material, a 
condition which is further evidenced by the 

> fact that the sheet material on the right of 
the phottMnicrograph. of Fig. 18 is no longer 
heac-sealable at temperatures which will heat- 
seal the material on the left. Tests further in- 
dicate tha^ whereas the entire darkened beaded 

) areas of the left-hand sheet can be di^lved 
by methylene ddoride, a similar solvent treat- 
ment of the right-hand sheet has no appreci- 
able affect 
With respect to the relative tensile strength 

5 of 1/4 mil "Mylar*' polyester film before and 
after treatment in the apparatus with a |fid 
having holes with a 20 mil diameter occurring 
approximately 700 per square inch, the loss in 
tensile strength of tiie film is only about 18%. 

3 However, the stretch of such a film, as 
measured on an Instron Tensile Testing Instru- 
ment, increases from 100%, in the case of ±e 
untreated "Mylar" polyester fihn, to 130%; 
and surprisin^y enough in 1/4 mil "Mylar*' 

5 polyester film is does so irrespective of whether 
the film has been treated on grids having 20 
or 40 mil perforations. The loss in tensile 
strength is for many purposes further offset 
by the martoedly improved tear resistance. As 

3 tested *on'*'aa~'Ei2Jcndotr'Tearing-^Tester (8 
thicknesses) tear resistance increases from 6 
grams on the original 1/4 mil "Mylar" poly- 
ester film to 24 grams in the longitudinal 
direction of the original sheet and increases 

5 from 8 grams to 44 grams in the transverse 
direction. It wiU thus be seen that the per- 
forated material has increased utility m a 
variety of uses where tear resistance is of 
importance, for example, where sewing, pin- 

3 ning, stapling, or any other operation involving 
further piercing of the film is performed dur- 
ing its fabrication into composite articles. 

While the substantially crystalline sheet of 
Fi& 1 (or Fig. 3) having dmerential surface 

5 areas may be prepared for distribution as a 
heat-sealable commodity, it should also be 
understood that the heat-sealing of the sheet 
to itself or to other material may take place 
simultaneously with the heat treatment of Fig. 

0 4. Thus, if die localized heat treatment is con- 
ducted while one surface of the sheet is in 
contact with other materials, not deleteriously 
affected by the localized heat treatment, the 
resulting product will be a heat-sealed 1am- 

5 inate of the substantially crystalline sheet to 



the other material. This q^e of operation is 
particularly acceptable in packaging opera- 
tions, wherein it is desired to heat-seal two 
layers, for example, of "Mylaf' polyester fihn, 
to one another as in the manufacture of heat- 70 
sealed packages. If desired, here again the 
heat-seal operation at reduced temperature may 
be prolonged to reconvert the beaded areas 
in the laminate. 

It is also understood that a sheet according 75 
to the invention may be produced by a series 
of operations, wherein certain selected areas 
of the sheet are treated to produce heat-seal- 
ability in a first operation and intervening or 
other areas are similarly subsequently treated 80 
in a separate operation to produce further 
heat-sealable areas. 

In our co-pending application No. 37785/58 
(Serial No. 851,473) of even date we have 
claimed a method of perforating a sheet of 85 
flexible, thermoplastic^ organic polymeric sheet 
material which comprises melting and perforat- 
ing the material of the sheet at seleaed local- 
ized areas thereof by subjecting the sheet to 
the action of hot fluid while simultaneously 90 
cooling otiier areas of the sheet to prevent 
those other areas from noelting. 

WHAT WE CLAIM IS: — 

1. A flexible sheet of chemically homo- 
geneous qj^alline thermoplastic organic poly- 95 
meric matenaTHving, on at least one surface 
thereof, localized heat-sealable areas forming 

an integral part of the sheet,, said localized 
areas having a lower thermal softening tem- 
perature than and being less crystalline than 100 
the remainder of said surface. 

2. A sheet as claimed in Oaim 1, in which 
the localized heat-sealable areas are of amor- 
phous structure at room temperature. 

3. -A'Shcet>as- claimed in Oaim 1 or Claim 2,-_lQ5. 
wherein the thermal softening temperature of 

the localized areas is at least lO^C. lower 
than that of the remainder of the surface. 

4. A sheet as claimed in Claim 1, wherein 

the thermal softening temperature of the re- 110 
mainder of the sinface is not substantially 
lower than the distortion point temperature of 
the polymeric material 

5. A sheet as claimed in any preceding 
Claim, wherein the localized areas are minute 115 
and only minutely separated from one another. 

6. A sheer as claimed in any preceding 
Oaim, wherein the localized areas include per- 
forations through the sheet which are sur- 
rounded by a raised bead. 120 

7. A sheet as claimed in any preceding 
Claim, wherein the localized areas are con- 
fined to the borders and to spaced transverse 
areas of the sheet. 

8. A sheet as claimed in Claim 1, wherein 125 
the polymeric material is a polyester. 

9. A sheet as claimed in Claim 1, wherein 
the polymeric material is formed from mono- 
mers including a vinyl monomer. 

10. A sheet as claimed in Claim 1, wherein 13C 
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the polymeric material is a crystalline copoly- 
mer of vinyl chloride and vinylidene chloride. 

11. A sheet as claimed in uiaun ij wner^* 
the polymeric material is a chlorotrifiuoro- 

5 ethylene polymer. 

IZ A sheet as claimed in Claim 1, wherein 
the polymeric material is a polyanoide. 

13. A sheet as daimed in Qaim 1, wherein 
the polymeric material is an isotactic polymer. 

10 14. A sheet as claimed ixTdaim 1, whicE 
consists of polyethylene terephthalate fihn and 
has a bordering edge which is heat-sealable at 
a temperature of less than 240°C. and other 
areas thereof which have a softening point 

15 temperature of not less than 250®C. 

15. A sheet as claimed in Claim 14, wherein 
the softening point temperature of said heat- 
sealable edge is of the order of 120°C 

16. A sheet as claimed in Claim 1> wherein 
20 the location of the localized areas is visibly 

apparent in the form of a design. 

17. A sheet as daimed in Qaim 1, which 
is of polyethylene terephthalate and wherein 
each of said localized areas contains centrally 

25 a perforation through said sheet. 

18. A sheet as claimed in Qam 17, wherein 
each perforation is surrounded by a grommet- 
like bead. 

19. A laminate comprising two sheets as 
30 daimed in Claim 1, and each consisting of 

polyeAyl ene terephthalate film, said sheets 
to have registering localized' h^t-sealable areas 
which are heat-sealed to each other to foim die 

Iflfnfnatp, 

35 20. A laminate as claimed in Qaim 19, 
wherein the localized heat-sealable areas in 
eadi film surround perforations extending 
through the iiloL 

L 21. JA lamtnate_coniprising_jL.^sJieet as,... 

40 'claimed in Claim 1 having a perforation in 
jeacfa localized area and heat-sealed to a fibrous 
Ibody at said localized areas. 

22. A laminate as claimed m Clatm 21, 
wherein the sheet is a polyethylene tereph- 

45 dulate fihn. 

23. A sheet as claimed in Qaim 1, having a 
metallized surface punctured so as to expose on 
the metallized surface through said punctures 
the localized heat-sealable areas of the sheet so 

50 as to render said areas available for heat- 
sealing the metallized sur&ce of the sheet to 
other sheet material 



24. A laminate com|>rising two sheets heat- 
sealed to one another in face-to-face relation 

in discrete localized areas only, at least one 5! 
of said sheets being a sheet as claimed in 
Claim 1 formed of a normally non-heat-seal- 
able polyester. 

25. A laminate comprising a sheet as claimed 

in Qaun 6 heat-sealed at the beads to another 6( 
layer of sheet material and so treated that the 
beads, after heat sealing, have a thermal soft- 
ening temperature similar to that of the re- 
mainder of said sheet. 

26. A method for the manufacture of a 6 
sheet as claimed in Claim 1, which comprises 
mddng the material of die sheet at the 
selected localized areas only, while maintain- 
ing the remainder of the sheet material un- 
meited and immediatdy cooling the mdted 7< 
material, so that it resolidifies to form said less 
crystalline heat-sealable areas of lower thennal 
softening temperature. 

27. A method of forming a laminate be- 
tween a sheet of polymeric material as dahned 7 
in Claim 1 and another sheet which comprises 
heat-sealing the sheet of polymeric material 

to the other sheet at said less crystalline 
localized areas of lower thermal softening tem- 
perature and diereafter further heating said 8 
localized areas of the polymeric sheet to re- 
store the softening point temperature thereof to 
a value more dosely approximating to that of 
the original polymeric ^eet. 

28. A method as daimed in Qaim 27, 8 
wherein the sheet is of polyediylene tere- 
phthalate and the softening point temperature 

of the localized areas thereof is lowered to 
about 120^C. prior to heat-sealing and in- 
creased to above 240^C after heat-sealing. 9 

29. A package comprising two JfihQS, at least 
one of which is a sheet, as claimed in Claim i> 
composed of polyethylene terephthalate film 
with the localized heat-sealable areas confined 

to the edges, the edges only of said films bemg 9 
sealed together at said areas only. 

30. A package as claimed in Qaim 29, 
wherein said areas surround perforations 
through the polyethylene terephthalate film. 
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